A sensitive and reproducible method for quantitative evaluation of the relative reactivities of alkylating agents was developed, based on competitve alkylation. The method is superior to the known colorimetric methods. The reactivities of the agents could also be correlated with the 13 C chemical shifts of the a-methylene. The method was successfully applied for the ranking of "soft" alkylating agents of low reactivity.
It was recently found that "soft" alkylating RI agents of the type R-COOCH-Y (1) (Y = Cl or Br) have anticancer activity [1] . (Soft drugs are defined as active therapeutic agents which undergo predictable and controllable metabolism after they achieve their therapeutic role [2] . Thus, "soft" alkylating agents of the type 1 are subject to ester cleavage (enzymic or chemical), according to the equation:
RI

R-COOCH-Y + H20 R-COOH + RiCHO + HY
The "soft" terms, thus reflect the easily biodegradable characteristics of these compounds, opposite to the conventional "hard" (non-biodegradable) alkylating agents.)
In order to establish a relation between the activity and structure of these agents, a method to evaluate quantitatively their relative alkylating reactivities was developed, which is compared to the method of Epstein et al. [3] . The Epstein procedure is based on the spectrophotometric analysis of the colored product 2 formed from 4-(4-nitrobenzyl)pyridine (NBP) and alkylating (or arylating agent) (A-X), by reacting them in methyl ethyl ketone, followed by addition of a base (deprotonation of the benzylic methylene): An alternate method [4] used acetophenone as a solvent and 180° as the reaction temperature, and a large number of alkylating agents were thus assayed, including N-mustards [5] .
It is clear that NBP is a weak base. Thus, under the conditions suggested [3] , no reaction was observed with the soft alkylating agents (1) having also very low reactivity. It was found that the expected colored products can be obtained if 1 is heated at 70 °C for one hour with a large excess of the neat NBP. Using different amounts of 1, a plot of the concentration vs absorbance of 2 resulted in straight lines of different slopes, apparently depending on the reactivity of 1. For characterization of the alkylating reactivities, the M 301 values suggested by Epstein [3] were determined (M 301 is the moles of the alkylating agent required to produce a colored solution having 0.301 absorbance at 565 nm). The values obtained for a series of closely related soft alkylating agents are listed in Table I . It can be seen that although methyl iodide was predicted to be more reactive than la-lh, the structurally related compounds cannot be differentiated with sufficient accuracy. It is difficult to believe that the bromo derivative 1 h is less reactive than la.
The drastic conditions of the alternate method [4] were not investigated. It is difficult to expect that closely related compounds will show reliable differences by reacting them at 180 °C for 3.5 min [4] . It was also found that the intensity of the color of 2 is time dependent, contributing to the inaccuracy.
A new method [1] for quantitative evaluation of relative alkylating reactivities was then investigated in detail. The method is based on a competitive alkylation of a selected tertiary amine (for example, 3-acetoxy-quinuclidine (3)) by a 1:1 molar mixture of the compound studied and a standard alkylating agent, followed by the direct analysis of the composition of the reaction mixture:
R.
R-COOCH-Y • (CH3)3C -C00CH2-CI
The tertiary amine 3 was chosen because of its structural rigidity, while the easily available chloromethyl pivalate (la) was selected as the standard agent. Using a 1:1:1 molar mixture of 1:1 a: 3, the ratio of the amounts of the products 4/5 quantitatively reflects the relative alkylating reactivity (RAR).
The present work reports studies on the sensitivity of the competitive method, by comparing reactivities of the structurally closely related series of substituted benzoylmethyl halides:
The reaction mixtures of 4 g-4o vs 5 were analyzed by NMR, comparing the sharp singlet resonance 0 n signals corresponding to the ^ N+-CH2-0-C-R methylene, at expanded sweep width. The *H and 13 C chemical shifts of the methylene group in 1 a-1 o and the X H shifts of the methylene protons in the corresponding soft quaternary salts 4 are shown in Table II . It can be seen that the iH shifts are not too sensitive to the ring substituents, but the 13 C shifts show the expected trend.
The X H chemical shifts of 4g^o are sufficiently separated from that of 5, which was selected as the standard. The results of the competitive alkylation are shown in Table III. The percent product composition values are the average of two separate experiments found to be reproducible with ±0.5 percent. Taking the reactivity of the unsubstituted 1 g as unity, the RAR values were normalized and listed as pX/pH. Plotting pX/pH values against the corresponding substituent constants (er°) [6] a good correlation was obtained, as shown in Fig. 1 .
Benzyl chloride (6) and the unhindered soft alkylating agent chloromethyl hexanoate (7) were also included in Table III , for comparison. As expected, 6 is much more reactive than the soft agents lg-lo. Finally, as expected, the bromo derivative lh is about 18 times more reactive than the corresponding chloro compound lg. The relative differences in the 13 C chemical shifts (A <5 13 C = <3 13 CX-<5 13 CH) in the series lh-lo were developed, since the method is certainly not limited also plotted against er°, obtaining a fairly good to the soft alkylating agents studied. Conventional correlation.
C00CH,Y
alkylating agents, N-mustards, etc. could quantitaIn conclusion, the competitive alkylation provides tively be compared by this method. As the ratio of a sensitive and reliable method for predicting the products formed under the conditions used quantitatively the alkylating reactivity of a wide (1:1:1 starting molar ratios and consuming all the variety of agents. By choosing proper standards, a amine) is not simply proportional with ki/k2 [7] , it full scale of reactivity of the known agents can be is possible to achieve better selectivity while using the amine in large excess or not allowing the reaction to be completed. In a relatively short time, the ratio of the products formed is proportional with ki/k2, as the starting alkylating agent's concentrations is the same. If the ''short time" restriction does not hold, ki/k2 is proportional with the ratio of the logarithm of the products. 
Chloromethyl m-nitrobenzoate
Analysis for CsHeCINO4
Calcd C 44.56 H 2.81 N 6.50, Found C 44.85 H 3.04 N 6.87.
The high resolution mass measurements of the molecular ions (M+) for the substituted chloromethyl benzoates are given in Table IV.   Table IV . High resolution mass measurements of the molecular ion (M+*) for substituted chloromethyl benzoates.
C0,CH,Cl
Nr. X = calcd for observed 
Determination of the M 301 values
To different quantities of alkylating agents 1 a-1 h in dry pear-shaped flasks were added 300 mg of 4-(4-nitrobenzyl) pyridine. The flask was connected to a condenser and the mixture heated at 70 ±0.10 °C for 1 h, using a preheated oil bath, then cooled for one minute in an ice-water bath. Acetone (16 ml) was added through the condenser, followed by 1 ml of 50 percent triethylamine in acetone. The purple color which appears immediately was read within two minutes, at 565 nm. All concentrations were measured against distilled water. The standard curves for each agent were constructed using 4-5 different concentrations. The M301 values were obtained from the standard curves.
Determination of relative alkylating reactivities (RAR)
To an acetonitrile solution (9 ml) containing 158.8 mg (1.26 mmol) benzyl chloride (6) Using the procedure described for determining the selectivity of benzyl chloride (6) relative to chloromethyl pivalate (la) in reaction with 3-acetoxyquinuclidine (5), the haloalkyl carboxylates 1 g-10 were also investigated. The corresponding soft quaternary salts were all isolated and identified, as follows: 
